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(54) Manufacturing method and apparatus for pneumatic tyres 



(57) Metliod and apparatus for manufacturing pneu- 
matic tires, wherein a green case (14) comprised of at 
least one inner liner rubber member (10) and a carcass 
ply member (1 1 ) is formed on a first drum (1) and trans- 
ferred to a position around a second drum (2). The green 
case (14) is the fixedly secured to the second drum (2) 
by axially moving a pair of centering elements (16) in 
opposite directions into pressure contact with opposite 
inner sides al the bead portions (14B) of the green case 



(14). and urging the inner peripheries of the bead por- 
tions (148) by a pair of lock elements (20). The second 
drum (2) is then caused to expand and undergo a width 
reduction, thereby expanding the green case (14) into 
a toroidal shape. Sidewall rubber members (15), which 
have been previously wound on a pair of side bladders 
(1 9) on the outer side of the lock elements (20), are ex- 
panded and reversed by inflating the side bladders (1 9) 
and joined to the toroidal green case to thereby form a 
green tire. 
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Description 

BACKGROUND OF THE iNVENTlQN 

1 . Field o1 the Invention 

[0001] The present invention relates to a manufactur- 
ing system for pneumatic tires and, in particular, to an 
improved method and apparatus for highly efficiently 
building green tires which are ready for vulcanization to 
produce radial tires. 

2. Description of the Related Art 

[0002] As known in the art. pneumatic radial tire in- 
cludes reinforcement in the form of one or nrK>re belt 
members having a high tensile rigidity in their longitudi- 
nal directions. Thus, it has been a conventional practice 
to build green tires for pneumatic radial tires by a two- 
stage process as disclosed, for example, in U.S. Patent 
No. 5,380,384 (or corresponding EP-61 3767B or JP-A- 
6-254990). the disclosure of which is hereby incorporat- 
ed by reference. 

[0003] In this instance, a green case comprising a car- 
cass ply member and bead core members is formed on 
a first drum which is for the first building stage. A com- 
posite member, which comprises a belt member and a 
tread rubber member joined with each other, is sepa- 
rately formed and moved by a transfer ring onto the out- 
er surface of the green case. The green case is then 
inflated into toroidal shape and thereby joined with the 
belt member. The green case joined with the composite 
member is held by the transfer ring and moved onto a 
second drum which is for the second building stage. The 
second drum comprises side bladders on which sidewall 
rubber members are wound, and which are inflated so 
as to urge the sidewall rubber members against the 
tread rubber member on both side edges thereof. 
[0004] The above-mentioned known method proved 
to be particularly advantageous in that pneumatic tires 
can be manufactured with high productivity and at low 
cost. This is due to the fact that the work loads are as- 
signed to the first and second stages in a well-balanced 
manner as to mitigate the difference in the cycle time for 
the two stages, and the green tires can be thus manu- 
factured within a significantly reduced time. Neverthe- 
less, it would be desirable to further develop the above- 
menttoned known method In various aspects, with an 
objective to achieve further improved productivity and 
cost reduction. 

DISCLOSURE OF THE INVENTION 

[0005] It is a primary object of the present invention 
to provide improved system for manufacturing pneumat- 
ic tires. The present invention ensures that existing 
manufacturing system can be utilized with minimized in- 
vestment for the partial modification of the second drum. 



avoiding requirement for specifically designed arrange- 
ment to the extent possible. The system can be operat- 
ed so as to improve the productivity of green tire building 
process by achieving well-balanced cycle time required 

5 for the first and second building stages while reducing 
the total cycle time, and to readily allow change in the 
specification of tires to be produced. The system is par- 
ticularly suitable for manufacturing pneumatic tires with 
a higher product quality. 

10 [0006] According to one aspect of the present inven- 
tion, there is provided a method for manufacturing pneu- 
matic tires comprising the steps of: 

forming on a first drum a green case in which a car- 
T5 cass ply member and a pair of bead core members 
are joined together, and holding and moving the 
green case by a transfer device to a position around 

a second drum; 

expanding a pair of centering elements radially out- 
20 wards from the second drum and positioning the 
centering elements with reference to opposite inner 
sides of a pair of bead portions which are folded ra- 
dially inwards around the bead core memt>ers of the 
green case held by the transfer device, and then 
25 moving the centering elements in opposite direc- 
tions and thereby urging the centering elements 
against the opposite inner sides of the bead por- 
tions; 

expanding a pair of lock elements on radially outer 
30 side of the centering elements and urging the k>ck 
elements against inner peripheral surfaces of the 
bead portions so as to fixedly secure the green case 
to the second drum; 

subsequently releasing the green case from the 
35 transfer device; 

causing the second drum to expand and undergo a 
width reduction, thereby expanding the green case 
into a toroidal shape; amd 

joining sidewall rubber members to said toroidal 
40 green case to thereby form a green tire, said side- 
wall rubber members being wound on a pair of side 
bladders on the outer side of the lock and expanded 
and reversed by inflating said side bladders. 

45 [0007] Advantageously, the second drum conrprises 
an expandable center drum body having an adjustable 
width, wherein the pair of side bladders are situated ad- 
jacent to the drum body with the centering elements 
therebetween, and wherein the green case is held in 

50 place by accommodating the drum body and centering 
elements within the green case between the opposite 
inner sides of the bead portiops. In this instance, it is 
preferred that the centering elements are radially ex- 
pandable between the drum body and the respective 

55 side bladders, and axially movable in opposite direc- 
tions, wherein the centering elements are expanded so 
that a clearance is always formed between radially outer 
most ends of the centering elements and an inner pe- 
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ripheral surface of the green case. 
[0008] Advantageously, the side bladders have folded 
ends which are embedded in, and fixedly secured to the 
lock elements situated adjacent to the centering ele- 
ments, wherein the sidewall rubber nnembers are wound s 
on the side bladders on the sides of the folded ends 
while the lock elements are in radially retracted posi- 
tions. 

[0009] It Is preferred that a substantially constant 
length of said sidewall rubber members are automati- io 
cally wound on said side bladders of the second drum 
during formation of a green case on the first drum, and 
the green case is transferred to the second drum by 
passing over the skJewall rubber members while the 
lock elements are in radially retracted positions. is 
[0010] it is also preferred that the sidewall rubber 
members are each wound on a smooth surface region 
and a rough surface region of the sidewall rubber. 
[0011] Advantageously, those regions of the lock ele- 
ments, which are urged against the inner peripheries of 20 
the bead portions of the green case, are aligned with the 
edges of the sidewall rubber members which are situat- 
ed on the folded ends of the side bladders. 
[001 2] It is preferred that the side bladders each com- 
prises a first side bladder section for winding the side- 25 
wall rubber member thereon, and a second side bladder 
section situated adjacent to the first side bladder sec- 
tion, wherein the first and second side bladder sections 
are sequentially inflated. 

[0013] Advantageously, a composite member where- 30 
in the belt member and the tread rubber member are , 
joined to each other is transferred to a position around 
the green case which has been fixedly secured to the 
second drum, and maintained centered with reference 
to the green case. The green case is then radially ex- 3S 
panded and urged against, and thereby joined to the 
composite member, in such a nnannerthat the side edg- 
es of the composite member are folded over, and tightly 
joined to the green case, and the sidewall rubber mem- 
bers are joined to side edges of the tread rubber mem- 40 
ber. In this instance, it is preferred that the composite 
member is formed during formation of the green case. 
[001 4] According to another aspect of the present in- 
vention, there is provWed an apparatus for manufactur- 
ing pneumatic tires, comprising: 4S 

a first drum for forming a green case in which a car- 
cass ply member and a pair of bead core members 
are joined together; 

a second drum for forming a green tire in which the so 
green case is joined to a belt member, a tread rub- 
ber member and sidewall rubber members; 
a transfer device for holding and moving the green 
case to a position around the second drum; 
a pair of centering elements which are expandable ss 
radially outwards from the second drum and adapt- 
ed to be positioned with reference to opposite inner 
sides of a pair of bead portions which are folded ra- 
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dially inwards around bead core members of the 
green case held by the transfer device, and also 
adapted to be moved axially in opposite directions 
and thereby urged against the opposite inner sides 
of the bead portions; 

a pair of lock elements situated on radially outer 
side of the centering elements and adapted to be 
urged against inner peripheral surfaces of the bead 
portions so as to fixedly secure the green case to 
the second drum; 

means for causing the second drum to expand and 
undergo a width reduction after the green case has 
been released from the transfer device, thereby ex- 
panding the green case into a torokJal shape; and 
means for joining sidewall rubber members to said 
toroidal green case to thereby form a green tire, said 
sidewall rubber members being wound on a pair of 
side bladders on the outer side of the lock and ex- 
panded and reversed by inflating said side blad- 
ders. 

[0015] Advantageously, the second drum connprises 
an expandable center drum body having an adjustable 
width, wherein the pair of side bladders are situated ad- 
jacent to said drum body with said centering elements 
therebetween, and wherein the green case is held in po- 
sition by accommodating the drum body and centering 
elements within the green case between the opposite 
inner sides of the bead portions. 
[0016] It is preferred that the centering elements are 
radially expandable between the drum body and the re- 
spective side bladders, and axially movable in opposite 
directbns, wherein the centering elements are adapted 
to be expanded so that a clearance is always formed 
between radially outer most ends of the centering ele- 
ments and an inner peripheral surface of the green case. 
[001 7] Advantageously, the side bladders have folded 
ends which are embedded in, and fixedly secured to the 
lock elements situated adjacent to the centering ele- 
ments, wherein the sidewall rubber members are wound 
on the side bladders on the sides of the folded ends 
while the lock elements are in radially retracted posi- 
tions. 

[0018] It is preferred that the apparatus according to 
the present invention further comprises means for au- 
tomatically winding a substantially constant length of the 
sidewall rubber members on the side bladders of the 
second drum during fonmation of a green case on the 
first drum, and wherein the transfer device is arranged 
such that the green case is transferred to the second 
drum by passing over the sidewall rubber members 
while the lock elements are in radially retracted posi- 
tions. 

[001 9] It is also preferred that the sidewall rubbers are 
each wound on an outer surface of said side bladders 
which is comprised of a smooth surface region and a 
rough surface region. 

[0020] Advantageously, those regions of the lock ele- 
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ments. which are urged against the inner peripheries of 
the bead portions of the green case, are aligned vyith the 
edges of the sidewall rubber members which are situat- 
ed on the folded ends of the side bladders. 
[0021] It is preferred that the side bladders each com- 5 
prises a first side bladder section for winding the side- 
wall rubber member thereon, and a second side bladder 
section situated adjacent to the first side bladder sec- 
tion, wherein the first and second side bladder sections 
are sequentially inflatable. 

[0022] Advantageously, the apparatus according to 
the present invention further comprises a beltAread 
drum for forming a composite member in which the belt 
member and the tread rubber member are joined to 
each other to form a composite member; and a further is 
transfer device for moving the composite member to a 
position around the green case which has been fixedly 
secured to the second drum, and holding the composite 
member centered with reference to the green case. The 
second drum is expandable so that the green case is 20 
radially expanded and urged against, and thereby joined 
to the composite member. The side edges of the com- 
posite member are subsequently folded over, and tightly 
joined to the green case. The side bladders are operable 
so that the sidewall rubber members are joined to the ^s 
side edges of the tread rubber member. In this instance, 
it is preferred that the beltAread drum is operable so that 
the composite member is formed during formation of the 
green case. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The present invention will be further explained 
below with reference to a preferred embodiment shown 
in the accompanying drawings. In which: ^ 

Figure 1 is a schematic diagram showing the layout 
of a tire manufacturing system which is suitable for 
carrying out the method according to the present 
invention; 

Figure 2 is a schematic diagram showing the suc- 
cessive steps performed at the first building stage 
of green tires in the system of Figure 1; 
Figure 3 is a sectional view of a green case which 
has been built on the first drum in the first building 4S 
stage; 

Figure 4 is a side view showing a second drum and 
a green case held on the second drum: 
Figures 5 to 6 are side views showing the right 
(waives of the second drum and the green case at 
the first, second, third and fourth building steps, re- 
spectively; 

Figures 9 to 11 are side views showing the second 
drum and the green case at the fifth, sixth and sev- 
enth building steps, respectively; 
Figure 1 2 is a sectional view showing the second 
drum of Figure 4; and 

Figures 13 and 14 are sectional views showing the 



second drum at the first and fourth building steps, 
respectively. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] Referring now to Figure 1 . there is schemati- 
cally shown a typical layout of tire manufacturing system 
which Is suitable for carrying out the two-stage tire build- 
ing method according to the present invention. The tire 
manufacturing system includes a first drum 1 for a first 
building stage, and a second drum 2 for a second build- 
ing stage, which are aligned on a common axis X. The 
details of the first and second drums 1 , 2 will be ex- 
plained below. 

[0025] The first drum 1 includes a center drum body 
1 a which can be radially expanded or retracted, and a 
pair of substantially cylindrical side bladders lb, 1 b on 
both sides of the center drum body la. The first drum 1 
further includes a rotational shaft 1c which projects ax- 
ially from a stand 3. Although not shown in the drawings, 
the shaft 1 c is rotatably supported by a pair of bearings 
and adapted to be driven by an appropriate drive means, 
both of which are accommodated in the stand 3. It is 
further assumed that the width of the center drum por- 
tion la can be adjusted along with axial movements of 
the respective side bladders lb. 1b. 
[0026] Similarly, the second drum 2 includes a center 
drum body 2a which can be radially expanded or retract- 
ed, a pair of substantially cylindrical side bladders 2b, 
2b on both sides of the center drum body 2a, and a ro- 
tational shaft 2c which is rotatably and drivingly support- 
ed by a stand 4. In the illustrated embodiment, a belt/ 
tread drum (B/T drum) 5 is arranged between the sec- 
ond drum 2 and the stand 4. The B/T drum 5 serves to 
wind belt members and tread rubber member thereon 
to form a combined belt/tread member In a conventional 
manner, and has a hollow rotational shaft 5c which is 
supported by a pair of bearings (not shown) accommo- 
dated within the stand 4. The shaft 2c of the second 
drum 2 Is coaxlaily passed through, and supported by 
the shaft 5c of the B/T drum 5. Appropriate driving 
means (not shown) are accommodated within the stand 
4, and serve to drive the shafts 2c and 5c of the second 
drum 2 and the B/T drum 5 independently from each 
other. 

[0027] There are further provided, between the first 
drum 1 and the second drum 2, a first transfer device 6 
for holding and transferring a green case which has 
been formed on the first drum 1 , and a second transfer 
device 7 for holding and transferring a combined belt/ 
tread member which has been formed on the second 
drum 2. The B/T drum 5 and the first and second transfer 
devices 6. 7 are aligned on the above-mentioned com- 
mon axis X. The B/T drum 5 is collapsible in the radial 
directton, while the first and second transfer devices 6. 
7 can be radially expanded or retracted. The first trans- 
fer device 6 is arranged so that it can be moved axially 
between the first drum 1 and the second drum 2. The 
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second transfer device 7 is arranged so that it can be 
moved between the position on that side of the second 
drum 2 which is opposite to the first drum 1 , as illustrated 
In Figure. 1 . and another position on that side of the sec- 
ond drum 2 which is renrrote from the first drum 1 and 
where the second transfer device 7 is situated adjacent 
to the B/T drum 5. 

[0028] The first transfer device 6 Is capable of holding 
the green case to be transferred while it is roughly cen- 
tered with reference to the center drum body 2a of the 
second drum 2. On the other hand, the second transfer 
device 7 is capable of holding the combined belt/tread 
member which it Is precisely centered with reference to 
the center drum body 2a of the second drum 2. Although 
not shown in Figure 1 , the first and second drums 1 , 2 
and the B/T drum 5 are supplied by appropriate servic- 
ers with rubber parts which are required for producing 
green tires. The production of a green tire with the 
above-mentioned system is performed typically by one- 
man operations. 

[0029] Formation of a green case in the first building 
stage, i.e.. on the first drum 1, will be explained below 
by referring to Figure 2 taken in conjunction with Figure 
3. It is noted that the first building stage is to succes- 
sively perform the following six representative steps 
which are schematically illustrated In respective frames 
^1 tof^e^f Figure 2. 

[0030] The first step of the first building stage is shown 
in the frame f^i of Figure 2, in which a first inner-liner 
rubber member 1 0-1 of a constant length clamped be- 
tween a pair of servicers S1 and S2 is fed by the servicer 
S1 onto the center drum body la of the first drum 1 , and 
wound thereon by a manual operation. 
[0031] In the second step, as shown in the frame f^2 
of Figure 2, a second inner-liner rubber member 10-2 
and a carcass ply member 11, both having a constant 
length and adhered to each other with a longitudinally 
stepped relationship, are fed onto the first inner-liner 
rubber member 1 0-1 on the first drum 1 , and wound ther- 
eon by manual operation, while being tightly urged 
against the first inner-liner rubber member 10-1 by pres- 
sure rollers R^, In this instance, as shown in Figure 
3, it is assumed that the carcass ply member 1 1 has a 
width which is sufficient for bridging across the side 
bladders 1b, 1 b on both sides of the center drum body 
la. It is further assumed that the first and second inner- 
liner rubber members 10-1, 10-2 are made of rubbers 
which are different from each other in terms of compo- 
sition. The first and second inner-liner rubber members 
10-1. 10-2 may be replaced by a single inner-liner rub- 
ber member 10, as shown by way of example in Figure. 
3, with the above-mentioned first step omitted. 
[0032] After the winding of the carcass ply member 1 1 
has been completed, the third step as shown in the 
frame fi3 of Figure 2 is performed automatically wherein 
the center drum body 1 a of the first drum 1 is expanded 
radially outwards so that steps are formed between the 
center drum body la and the side bladders lb, lb. A 



pair of pressure rollers R4. R5, which can be moved ax- 
ial ly in opposite directions, and/or a relatively wide pres- 
sure roller R5 are urged against the outer surface of the 
carcass ply member 11 and operated so as to evacuate 

s air remaining between the inner liner rubber members 
10-1, 10-2 and the carcass ply member 11, and tightly 
join these rubber members to each other. 
[0033] Subsequently, the fourth step as shown in the 
frame F^^ of Figure 2 is performed wherein bead filler 

10 rubber members 1 2 and corresponding bead core mem- 
bers 13, which are combined with each other, are man- 
ually applied onto respective bead core setter rings 3a, 
8b. Then, the bead core setter rings 8a, 8b are moved 
axially toward each other so that the bead core mem- 

is bers 1 3 are set onto the carcass ply member 1 1 at its 
regions corresponding to the steps between the center 
drum body 1 a and the side bladders lb. lb. 
[0034] The bead core setter rings Ba. 8b are then tem- 
porarily moved axially away from each other and re- 

20 turned to their initial positions. Then, the fifth step as 
shown in the frame fig of Figure 2 is performed wherein 
the side bladders 1 b, 1 b on both sides of the center drum 
body 1 a are filled with pressurized gas, which is typically 
pressurized air, and thereby caused to expand. It is as- 

25 sumed that each bead core setter ring 8a, 8b has ta- 
pered inner surface which is engageabte with the corre- 
sponding side bladder 1 b, 1 b. The bead core setter rings 
8a, 8b in their initial positions are moved axially toward 
each other once again, so that the expanded side blad- 

30 ders lb, lb are engaged by the tapered inner surfaces 
of the bead core setter rings 8a, 8b and moved toward 
the widthwise center region of the center drum body 1 a. 
As a result, those portions of the carcass ply member 
11, which are situated on the side bladders lb, lb are 

35 folded around the respective bead core members 13, 
along with the bead filler rubbers 1 2. The pressurized 
gas is then discharged from the side bladders lb. lb, 
so that the side bladders 1 b, lb are restored into their 
initial cylindrical shape. 

40 [0035] Formation of a green case 1 4 on the first drum 
1 is now completed wherein, as shown in Figure 3, the 
inner liner rubber members 10-1, 10-2, the carcass ply 
member 11 . the bead filler rubber members 12 and the 
bead core members 13 have been assembled as ex- 

^5 plained above. The green case 14 has a substantially 
cylindrical shape, and includes bead core members 13 
which are situated at the stepped regions of the carcass 
ply member 11. The bead portions 148 extending 
around the bead core members 1 3 are folded to extend 

50 radially outwards and then axially inwards. If necessary, 
a rubber chafer may be previously arranged between 
the end of the inner-liner rubber member 10 and the car- 
cass ply member 11. In this instance, the rubber chafer 
is folded around the bead core member together with 

55 the carcass ply member. 

[0036] After formation of a green case 14 has been 
completed, the sixth step as shown in the frame f^g of 
Figure 2 is performed in which the bead setter rings 8a. 
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8b are moved axially in a direction opposite to the direc- 
tion indicated by arrow F In which the green case 1 4 is 
to be removed. It is assumed that the bead setter ring 
8b is radially expandable, and is axiaify moved in its ex- 
panded state. The first transfer device 6 for the green s 
case shown in Figure. 1 is axially moved toward the 
widthwise center position of the first drum 1 . and is then 
radially retracted to clamp and hold the green case 14 
on the first drum 1 . 

[0037] After the green case 1 4 has been clamped and io 
held by the transfer device 6. the first drum is radially 
retracted so that the diameter of the center drum body 
la becomes smaller than the inner diameter at the bead 
portion 14B of the green case 14. The transfer device 6 
is then axially moved in the direction indicated by arrow is 
F, thereby completing the first stage of the tire building 
process. The green case 1 4 clamped and held by the 
transfer device 6 is further moved axially to a position 
corresponding to the center drum body 2a of the second 
drum 2. as shown in Figures 4 and 5. 
[0038] The particulars of the second stage of the tire 
building stage will be explained below. As shown in Fig- 
ures 4 and 5. the second drum 2 is symmetrical with 
referer^ce to a center plane which Includes the widthwise 
center Y of the drum body 2a. The position of the transfer 2S 
device 6 is controlled by appropriate controller, so that 
the widthwise center of the green case 1 4 is aligned with 
the center plane of the drum body 2a. It is assumed that, 
within the period between the starting of the formation 
of green case 14 and the completion of transfer of the 30 
green case 14 from the first drum 1 to the second drum 
2, sidewall rubber members 15 of a constant length are 
wound on predetermined regions at the outer surfaces 
of the side bladders 2b, 2b and the leading and trailing 
ends of the sidewall rubber members 15 are joined to- 55 
gether. This operation may be carried out automatically, 
for example, by using appropriate actuators or robots. 
Each sidewall rubber member 15 in the illustrated em- 
bodiment includes a sidewall rubber member 15a and a 
rubber chafer member 1 5b which are integral with each 
other. 

[0039] The width W of the center drum body 2a is ad- 
justed in advance to ensure that, when the green case 
14 is held around the second drum 2. a pair of centering 
elements 16 on both side of the center drum body 2a ^5 
are axially spaced from opposite inner surfaces 1 4Bp ol 
the bead portions 14B. It is also important to adjust the 
outer dimensions of the second drum 2 to ensure that, 
even when the sidewall rubber members 15 have been 
wound on the side bladders 2b. the green case 14 can so 
be moved to the position around the second drum with 
sufficient radial clearance. 

[0040] Subsequently, as shown in Figure 6. the 
centering elements 16 are expanded radially outwards, 
i.e., in the direction indicated by arrow G. In the expand- ss 
ed state of the centering elements 1 6, a clearance 5 is 
formed between the inner peripheral surface 14i of the 
green case 14 and the outer peripheral surfaces of the 



centering elements 1 6 having the maximum outer diam- 
eter. The clearance is on the order of 2 to 4 mm, and is 
made uniform between the centering element 16 in the 
illustrated position and the opposite Inner surface 1 4Bp 
of the corresponding bead portion 1 4B. Various types of 
centering elements 16 may be used provided that they 
can be radially expanded and retracted. In the illustrated 
embodiment, the centering element 16 comprises a plu- 
rality of radial segments to be more fully described here- 
inafter. 

[0041] Both end portions of the center drum body 2a 
of the second drum 2 are axially moved in directions 
away from the center plane, as indicated by arrow H in 
Figure 7, to increase the width of the center drum body 
2a from the initial width w as shown in Figure 6 to the 
Increased width W as shown in Figure 7. To this end. it 
is preferred that each end portion of the center drum 
body 2a are clamped between an inner ring 17 and an 
outer ring 18, which can be moved axially in the manner 
to be more fully described hereinafter. 
[0042] The axial movement of the outer ring 1 8 caus- 
es the adjacent centering element 16 to move socially as 
indicated by arrow H, while urging the radial end portion 
of the centering ring 16 against the opposite inner sur- 
face 14Bp at the bead portion 14B of the green case 1 4. 
and thereby achieving a precise centering of the green 
case 1 4 relative to the center drum body 2a. The center 
drum body 2a may comprise a resilient material, such 
as vulcanized rubber in order that it can be expanded 
or retracted in the axial directions. In order to ensure 
that the centering element 16 exerts to the green case 
14 an optimum pressure within a prescribed range, the 
amount of movement of the inner ring 17 is determined 
in view of the distance between the opposite inner sur- 
faces 14Bp of the bead portions 14. and also in view of 
the initial positions of the centering elements 16. 
[0043] Subsequently, the green case 14 as being 
maintained centered by the centering elements 16 is 
firmly secured to the second drum 2, as shown in Figure 
8. To this end. lock elements 20 are arranged on the 
axially outer side of the respective centering elements 
1 6, and are expanded radially outwards, as indicated by 
arrow J in Figure 8, and urged against the inner periph- 
eral regions of the bead portions 1 4B. It is assumed that 
each side bladder 2b includes an outer side bladder sec- 
tion 19 having a folded axial end 19e which is situated 
close to the center drum body 2a and which is clamped 
by the lock element 20. 

[0044] In this Instance, it is preferred that the folded 
axial end 19e of the outer side bladder section 19 is 
clamped at a location on the lock element 20 where it is 
situated opposite to the inner peripheral surface of the 
bead portion 14. and further that the end of the rubber 
chafer member 1 5b is arranged on the folded axial end 
19e of the outer side bladder section 19. Such an ar- 
rangement is particularly advantageous \Nhere the rub- 
ber chafer members 15b are joined to the green case 
1 4 in the second stage, as in the illustrated embodiment, 
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since the rubber chafer member 1 5b can be firmly joined 
to the optimum location at the inner peripheral surface 
of the bead portion 1 4B automatically. 
[0045] It is also preferred that, in the region of the side 
bladder section 1 9 on which the sidewall rubber member 
15 is wound, the outer side bladder section 19 has a 
smooth or mirror-finished outer surface at its circumfer- 
ential region which corresponds at least partly to the 
width of the sidewall rubber member 15. By this, it is 
possible to enhance the adhesion of the sidewall rubber 
member 15 to the outer side bladder 19, and thereby 
ensure that the sidewall rubber member 15 can be pos- 
itively joined to the desired location and maintained In 
the proper position on the outer side bladder section 1 9 
throughout the successive building steps to be per- 
formed. 

[0046] In the manner described above, the green 
case 14 is firmly secured to the predetermined location 
of the second drum 2 by the centering element 1 6 which 
is urged axially against the opposite inner side surface 
14Bp of the bead portion 1 4B, and also by the lock ele- 
ment 20 which is urged radially against the inner periph- 
eral surface of the bead portion 14B. After the green 
case 14 has been secured to the second drum 2, the 
transfer device 6 is expanded radially outwards as 
shown by respective arrows in Figures 4 and 8, and then 
returned to the waiting position as shown in Figure 1. 
[0047] Various types of lock elements 20 may be used 
provided that they can be radially expanded and retract- 
ed. In the illustrated embodiment, the lock element 16 
comprises a plurality of radial segments to be more fully 
described hereinafter. 

[0048] The successive steps in the second stage of 
tire building process are performed autonnatically, with* 
out manual operations. In order to minimize the cycle 
time requlredfor producing a green tire, the operator be- 
gins formation of a composite member as soon as the 
manual operations for the first stage have been com- 
pleted, in which the belt member and the tread rubber 
member are successively placed on the B/T drum 5 (Fig- 
ure 1). Such formation is completed before the transfer 
device 6 for the green case is returned from the second 
drum 2 when the transfer device 7 for the composite 
member has already moved to a position around the B/ 
T drum 5 to hold the composite member, in order that 
the transfer device 7 does not inhibit the returning move- 
ment of the transfer device 6. 

[0049] With reference to Figures 9-1 1 , as soon as the 
transfer device 6 for the green case 1 4 has moved from 
the second drum 2, the B/T drum 5 is radially retracted 
and the composite member 21 is axially moved toward 
the second drum 2. The composite member 21 in the 
Illustrated embodiment comprises a belt member 21a 
and a tread rubber member 21 b, wherein the belt mem- 
ber is formed of two steel cord layers 21 a. The compos- 
ite member 21 and. in particular, the belt member 21a 
is precisely positioned In its width direction with refer- 
ence to the center plane of the second drum 2. which 



includes the center line Y. Such a positioning can be 
achieved by appropriate centering controller, not shown. 
At the same time, starting from the width W shown in 
Figure 8, the width of the center drum body 2a is de- 
5 creased as shown by arrows K in Figure 9, while a pres- 
surized gas under a relative high pressure, e.g.. at 1.0 
kgf/cm^, is supplied into the center drum body 2a to 
cause inflation thereof. 

[0050] The green case 14 which is firmly secured to 

10 the center drum body 2a at the bead portions 14B is 
caused to inflate together with the center drum body 2a. 
The inflation of the center drum body 2a and the green 
case 14. in turn, causes the width of the center drum 
body 2a to be reduced until the outer surface of the car- 

75 cass ply member 11 of the green case 14 is brought into 
contact with, and adhered to the inner surface of the belt 
member 21a of the composite member 21 with a suffi- 
cient width. After the composite member 21 has been 
adhered to the green case 1 4. the transfer device 7 is 

20 expanded radially outwards to assume the position 
shown by imaginary line, while being disengaged from 
the composite member 21, and is then axially moved 
and retumed to the waiting position shown in Fig. 1. 
[0051] Subsequently, as shown in Figure 10, the side 

25 edges of the composite member 21 are folded as shown 
by arrows E, so that they are brought into contact and 
adhesion with the outer surface of the carcass ply mem- 
ber 11 of the green case 14. The folding and adhesion 
of the side edges of the composite member 21 may be 

30 achieved by any appropriate means. In the case of the 
illustrated embodiment, a pair of pressure rollers 22 are 
used for this purpose, which are rotatable about their 
own axes and movable toward the green case 14. 
[0052] After the composite member 21 has been fold- 

35 ed and adhered to the green case 1 4, the side bladder 
sections 19 are supplied with pressurized gas under 
pressure p and are thereby inflated. As a result, the side- 
wall rubber members 1 5 wound on the side bladder sec- 
tions 19 are expanded and deformed into substantially 

40 truncated-conical shape, and moved in respective direc- 
tions indicated by arrows L On this occasion, in order 
to achieve positive and accurate movement of the side- 
wall rubber members 15. it is preferred that the end of 
the sidewall rubber member 15 and. in particular, the 

45 end of the rubber chafer member 1 5b is clamped be- 
tween the inner periphery of the bead portion 14B and 
the folded end 1 9e of the side bladder section 1 9. 
[0053] As shown in Fig. 1 1 , it is assumed that each 
side bladder 2b is of double-bladder type wherein a fur- 

50 ther side bladder section 23 is arranged adjacent to the 
above-mentioned side bladder section 1 9. These side 
bladder sections 23 are also supplied with pressurized 
gas under pressure p and are thereby inflated. As a re- 
sult, the side bladder sections 1 9 are urged by the re- 

55 spective side bladder sections 23 against the green 
case 14 to which the belt member 21a and the tread 
rubber member 21b have already been joined, so that 
the sidewall rubber members 15 are joined onto the out- 
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er surfaces of the green case 14 and the tread rubber 
member 21 b on their side edges. 
[0054] On this occasion, since the sidewall rubber 
member 15 is partly joined to the smooth surface region 
of the side bladder section 1 9 with a sufficient adhesion 
force, the sidewall rubber member 1 5 can be accurately 
joined to the green case 1 4 and the tread rubber mem- 
ber 21b. On the other hand, the remaining surface re- 
gion of the side bladder section 1 9 on wh ich the sidewall 
rubber members 15 is wound and which is not smooth 
has a roughness such that the sidewall rubber member 
1 5 can be readily removed from the side bladder section 
1 9 when it has been joined to the green case 1 4 and the 
tread rubber member 21b- The width of the smooth sur- 
face region of the side bladder section 1 9 is determined 
in view of the required adhesion force with which the 
sidewall rubber member 15 is maintained in position, 
and the required separability of the sidewall rubber 
member 15 from the side bladder section 1 9. 
[0055] After the sidewall rubber members 15 have 
been joined to the green case 14 and the tread rubber 
member 21b, the pressurized gas in the side bladder 
sections 19, 23 is exhausted so that they are returned 
to their initial cylindrical shapes. The pressure rollers 22 
are operated, if necessary, to firmly join the sidewall rub- 
ber members 1 5 to the green case 1 4 and the tread rub- 
ber member 21b, and thereby form a green tire 24. 
[0056] Subsequently, the transfer device 7 (Figure 1 ) 
in its expanded state is moved to a position around the 
green tire 24 and then retracted radially inwards to hold 
the green tire 24. The pressurized gas is exhausted from 
the center drum body 2a and the centering element 16 
and the lock element 20 are retracted radially inwards. 
The transfer device 7 is then operated to remove the 
green lire 24 from the second drum 2 to complete the 
building process of a green tire 24 which is to be sub- 
jected to vulcanization in a conventional manner, to form 
a product tire. 

[0057] In the green tire building process as explained 
above, it is possible to significantly reduce the cycle time 
required for the first building stage, since the operations 
which must be performed manually in the first building 
stage are only the windings of the inner liner rubber 
members 1 0 and the carcass ply member 1 1 on the first 
drum 1 , and the remaining operations in the first building 
stage are performed automatically. The operator is ca- 
pable of fully utilizing the spare time to form a composite 
member 21 by winding a plurality of cord layers on the 
B/T drum to form a belt member 21 a, and joining a tread 
rubber member 21b onto the belt member 21a. 
[0058] In the period until formation of a composite 
member 21 is completed, the green case 14 is moved 
onto the second drum 2 as shown in Figure 4. the suc- 
cessive operations as shown in Figures 5 to 8 are per- 
formed automatically, and the transfer device 6 is re- 
turned to the initial position. The composite member 21 
is now moved to the position shown in Figure 9, and the 
successive operations as shown in Figures 9 to 11 are 



then performed automatically. During the period in 
which the operations of Figures 9 to 11 are performed, 
the operator is capable of performing the manual oper- 
ations for the building of a next green case 14. 

5 [0059] It is noted that, after the carcass ply member 
1 1 has been wound onto the first drum, all the operations 
including removal of the green case 14 from the first 
drum and transfer of the green case 14 to the second 
drum are automatically performed by the transfer device 

10 6, and all the operations for the second building stage 
are also performed autonnatically. The control required 
for such automatic operations may be started simply by 
manually pushing a starting switch into ON position, and 
an elaborated or expensive automatic control is not nec- 

15 essary. 

[0060] It can be appreciated that present invention 
makes it possible to produce a green tire with a signifi- 
cantly improved productivity and within a minimized cy- 
cle time. This is due to the fact that the cycle time re- 

20 quired for the first building stage which is free from join- 
ing of the sidewall rubber members is substantially the 
same as the cycle time required for the second building 
stage, and the operator has a sufficient time to complete 
formation of a composite member 21, which is required 

2S for the second building stage, within the period in which 
automatic operations in the first building stage are per- 
formed. 

[0081] The present invention makes it possible readily 
to change the specification of tires to be produced, pro- 

30 vided that the rim size is the same, which also contrib- 
utes to provide an improved productivity, f^oreover, the 
method according to the present invention can be car- 
ried out by using existing manufacturing system of which 
the second drum Is partly modified, thereby minimizing 

35 the required investment. 

[0062] The structure and function of a preferred em- 
bodiment of the second drum 2 for building green tires 
at the second building stage will be explained below with 
reference to Figures 1 2 to 14. As mentioned above, the 

40 second drum 2 is symmetrical with reference to the cent- 
er plane including a center line Y which intersects with 
the common axis X. The upper half of Figure 12 shows 
the second drum 2 in its position where the width has 
been decreased to the minimum width, and the lower 

45 half of Figure 1 2 shows the second drum 2 in its position 
where the width has been increased to the maximum 
width. The rotational shaft 2c of the second drum 2 is 
hollow and accommodates therein feed screw 25 pro- 
vided with a right-hand screw portion 25-1 and a left- 
50 hand screw portion 25-2 whteh are arranged on opposite 
sides with reference to the center plane. 
[0063] With reference to Figures 12 and 1 3, a pair of 
carriers 26-1 and 26-2 are threadedly engaged with the 
right-hand screw portion 25-1 and the left-hand screw 
55 portion 25-2 of the feed screw 25. respectively These 
carriers 26-1 , 26-2 are slidably engaged with a plurality 
of longitudinal slits 2c-1 , 2c-2 formed in the rotational 
shaft 2c. and sen/e to carry outer cylinders 27-1 , 27-2 
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which are slidably engaged with the outer surface of the 
rotational shaft 2c. The inner rings 1 7 of the center drum 
body 2a are fixedly secured to the outer cylinders 27-1 , 
27-2. The width of the center drum body 2a can be ad- 
justed by rotating the feed screw in a desired direction s 
and by a desired angular amount. 
[0064] The bladder of the center drum body 2a is tight- 
ly clamped between the outer peripheral portion of the 
inner ring 1 7 eind the outer peripheral portion of the outer 
ring 1 8 which is fixedly secured to the inner ring 1 7. It is io 
assumed that pressurized gas can be supplied to, and 
exhausted from the bladder through a fluid passage 
which is shown only partly. 

[0065] A cylinder 26 is formed by the Inner peripheral 
surface of the outer ring 18 and the outer peripheral sur- is 
face of the corresponding outer cylinder 27-1 . 27-2. The 
cylinder 23 extends in the axial direction, and serves to 
slidably accomnrK>date a piston 29 therein. The cylinder 
28 and the piston 29 define a pressure chamber 28a on 
that side of the piston 29 which is cbse to the center 20 
plane of the drum body 2a. The pressure chamber 28a 
is connected to the passage for supplying or exhausting 
pressurized gas. When the pressure chamber 28a is 
supplied with pressurized gas, the piston is moved axi- 
al !y as shown by arrow K. On the side remote from the 25 
center plane of the drum body 2a, the piston 29 has a 
cam surface 29a of substantially truncated-conical 
shape. 

[0066] The centering element 16 is comprised of a 
plurality of segments which are successively arranged 30 
in the circumferential direction. Each segment of the 
centering element 16 has a radially Inner end provided 
with a roller 30 which Is in rolling engagement with the 
cam surface of the piston 29. The segments on their ra- 
dially outer ends are engaged by an annular tension 35 
spring 31 which is arranged in the circumferential direc- 
tion of the centering element 1 6. The tension spring 31 
serves to retract the segments radially inwards, i.e., to- 
ward the axis X. Thus, when the pressurized gas is sup- 
plied to the pressure chamber 28a, the piston 29 is ^0 
moved in the direction indicated by arrow K so that the 
segments are moved radially outwards, due to the en- 
gagement of the cam surface 29a and the rollers 30. 
When, on the other hand, the pressurized gas is ex- 
hausted from the pressure chamber 28a, the resilient 45 
force of the tensile spring 31 causes the segments to 
retract radially inwards while moving the piston 29 In the 
direction indicated by arrow L. In order to achieve a 
smooth radial sliding movement of the segments form- 
ing the centering element 1 6. the side surface of the out- so 
er ring 1 8 remote from the center plane of the drum body 
2a and the opposite side surface of the lock element 20 
are slidably engaged with each other as the guide sur- 
faces. The maximum diameter of the centering element 
1 6 is defined by a stopper 1 8a which is provided for the ss 
outer ring 1 6. 

[0067] The lock element 20. which clamps the folded 
end 1 9e of the outer side bladder section 1 9, is com- 
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prised of a plurality of segments which are successively 
arranged in the circumferential direction. As is the case 
with the centering element 16, the segments of the lock 
element 20 are provided with respective rollers 32 at 
their radially inner ends, and an annular tension spring 

33 which is arranged in the circumferential direction of 
the lock element 20. The radial sliding movement of the 
segments of the lock element 20 are guided by the outer 
side surfaces of the segments of the centering element 
16 and the opposite side surface of the guide member 

34 which is secured to the outer peripheral surface of 
the corresponding outer cylinder 27-1 , 27-2 

[0068] A cylinder 35 is formed by the inner peripheral 
surface of the guide member 34 and the outer peripheral 
surface of the corresponding outer cylinder 27-1 . 27-2. 
The cylinder 35 extends in the axial direction, and 
sen/es to slidably accommodate a piston 36 therein. The 
cylinder 35 and the piston 36 define a pressure chamber 
35a on that side of the piston 36 which is remote from 
the center plane of the drum body 2a. The pressure 
chamber 35a is connected to the passage for supplying 
or exhausting pressurized gas. On the side close to the 
center plane of the drum body 2a. the piston 36 has a 
cam surface 36a of substantially truncated-conical 
shape. Thus, when the pressurized gas is supplied to 
the pressure chamber 35a. the piston 36 Is moved in the 
direction indicated by arrow M so that the segments are 
moved radially outwards, due to the engagement of the 
cam surface 36a and the rollers 32. When, on the other 
hand, the pressurized gas is exhausted from the pres- 
sure chamber 35a, the resilient force of the tensile 
spring 33 causes the segments to retract radially in- 
wards while moving the piston 36 in the direction Indi- 
cated by arrow N. The maximum diameter thereof, Is 
defined by engagement of a recess 20a in the lock ele- 
ment 20 with the corresponding shoulder 34a which is 
provided for the gukJe member 34. By defining the max- 
imum diameter of the lock element 20, it is possible to 
optimize the pressure with which the lock element 20 is 
urged against the inner peripheral surface 14Bi of the 
bead portion 148 (Figure 7). 

[0069] The guide member 34 serve to support retainer 
rings for fixedly supporting the skile bladder sections 1 9, 
23 at their legs 19f. The retainer rings are provided 
therein with passages 37 for supplying and exhausting 
pressurized gas to and from the side bladder sections 
1 9, 23. When the side bladder sections 1 9, 23 are sup- 
plied with the pressurized gas, they are permitted to un- 
dergo inflation radially outwards, without expanding ra- 
dially inwards. Incidentally. Figure 14 shows a state in 
which the pistons 29. 36 have been moved in the direc- 
tions of arrows K and N. respectively, so that the center- 
ing element 16 and the lock element 20 are expanded 
radially outwards. 

[0070] In order to evaluate advantageous effects of 
the present Invention, tests have been conducted in 
which there were produced green tires for passenger 
car radial tires with rim diameters of 15 inches and 16 
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Inches, aspect ratios ot 50 and 55, and including a two- 
layer carcass ply, by the method according to the 
present invention as explained with reference to Figures 
1 to 14, by a conventbnal method I in which the tread 
rubber mennber Is obtained by extrusion integrally with s 
mini-sidewall rubber members, and by another conven- 
tional method II which does not use mini-sidewall rubber 
members. The numbers of green tires produced by 
these methods in eight hours were counted and indicat- 
ed as indices wherein 100 is the green tire production io 
index by the conventional method I. The index according 
to the conventional method II was 67, whereas the index 
according to the method of the present invention is 115. 
It has been clearly confirmed that the present invention 
provides an Improved productivity which is higher by is 
15% as compared even to the conventional method I In 
which mini-sidewall rubber members are applied. 
[0071] It will be appreciated from the foregoing de- 
scription that, according to the present invention, it is 
possible to produce a green tire which effectively pre- 20 
vents occurrence of cracks by arranging the radially out- 
er regions of the sidewall rubbers on the outer sides of 
the tread rubber, to maintain a high productivity of the 
tread rubber extrusbn process, to significantly improve 
the productivity of green tire building by achieving well 25 
balanced cycle time required for the first and second 
building stages while reducing the total cycle time, to 
utilize existing manufacturing system with minimized in- 
vestment for the partial nrK)dification of the second drum, 
and to readily change the specification of tires to be pro- 30 
duced. 

[0072] While the present invention has been de- 
scribed above with reference to a preferred embodi- 
ment, rt has been presented by way of example only, 
and various changes and/or mod If icatlons may be made 35 
without departing from the scope of the invention as de- 
fined by the appended claims. 

Claims 40 

1. A method for manufacturing pneumatic tires com- 
prising the steps of: 

forming on a first drum a green case in which a 45 
carcass ply member and a pair of bead core 
members are joined together, and holding and 
moving the green case by a transfer device to 
a position around a second drum; 
expanding a pair of centering elements radially so 
outwards from the second drum and positioning 
the centering elements with reference to oppo- 
site Inner sides of a pair of bead portions which 
are folded radially inwards around the bead 
core members of the green case held by the ss 
transfer device, and then moving the centering 
elements in opposite directions and thereby 
urging the centering elements against the op- 



posite inner sides of the bead portions; 
expanding a pair of lock elements on radially 
outer side of the centering elements and urging 
the lock elements against inner peripheral sur- 
faces of the bead portions so as to fixedly se- 
cure the green case to the second drum; 
subsequently releasing the green case from the 
transfer device; 

causing the second drum to expand and under- 
go a width reductbn. thereby expanding the 
green case Into a toroidal shape; and 
joining sidewall rubber members to said toroi- 
dal green case to thereby form a green tire, said 
sidewall rubber members being wound on a 
pair of side bladders on the outer side of the 
lock and expanded and reversed by inflating 
said skJe bladders. 

2. The method according to claim 1 . wherein said sec- 
ond drum comprises an expandable center drum 
body having an adjustable width, said pair of side 
bladders being situated adjacent to said drum body 
with said centering elements therebetween, and 
wherein said green case is held in place by accom- 
nrodating said drum body and said centering ele- 
ments within said green case between the opposite 
inner sides of the bead portions. 

3. The method according to claim 2, wherein said 
centering elements are radially expandable be- 
tween the drum body and the respective side blad- 
ders, and axially movable In opposite directions, 
and wherein said centering elements are expanded 
so that a clearance is always formed between radi- 
ally outer most ends of the centering elements and 
an inner peripheral surface of the green case. 

4. The method according to claim 1 , wherein said side 
bladders have folded ends which are embedded in, 
and fixedly secured to said k>ck elements situated 
adjacent to said centering elements, and wherein 
said sidewall rubber members are wound on said 
side bladders on the sides of the folded ends while 
said lock elements are In radially retracted posi- 
tions. 

5. The method according to claim 1. wherein a sub- 
stantially constant length of said sidewall rubber 
members are automatically wound on said side 
bladders of the second drum during formation of a 
green case on said first drum, and said green case 
is transferred to said second drum by passing over 
said sidewall rubber members while said lock ele- 
ments are in radially retracted positions. 

6. The method according to claim 1 . wherein said side- 
wall rubber members are each wound on a smooth 
surface region and a rough surface region of said 
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sidewall rubber. 

7. The method according to claim 1 , wherein those re- 
gions of the lock elements, which are urged against 
the inner peripheries of the bead portions of the s 
green case, are aligned with the edges of the side- 
wall rubber members which are situated on the fold- 
ed ends of the side bladders. 

8. The method according to claim 1 , wherein said side fo 
bladders each comprises a first side bladder section 

for winding said sidewall rubber member thereon, 
and a socond side bladder section situated adjacent 
to said first side bladder section, and wherein said 
first and second side bladder sections are sequen- 
tially inflated. 

9. The method according to claim 1 . wherein said belt 
member and sard tread rubber member are joined 
to each other to form a composite member, said 
composite member is transferred to a position 
around said green case which has been fixedly se- 
cured to said second drum, and maintained cen- 
tered with reference to said green case, said green 
case is radially expanded and urged against, and 2S 
thereby joined to the composite member, said com- 
posite member having side edges which are subse- 
quently folded over, and tightly joined to the green 
case, and said sidewall rubber members are then 
joined to side edges of the tread rubber member. 30 

10- The method according to claim 9, wherein said com- 
posite member is formed during fomnation of said 
green case. 

35 

11. An apparatus for manufacturing pneumatic tires, 
comprising: 

a first drum for forming a green case in which 
a carcass ply member and a pair of bead core 
members are joined together; 
a second drum for forming a green tire in which 
the green case is Joined to a belt member, a 
tread rubber member and sidewall rubber 
members; 45 
a transfer device for holding and moving the 
green case to a position around the second 
drum: 

a pair of centering elements which are expand- 
able radially outwards from the second drum 50 
and adapted to be positioned with reference to 
opposite inner sides of a pair of bead portions 
which are folded radially inwards around bead 
core members of the green case held by the 
transfer device, and also adapted to be moved 55 
axially in opposite directions and thereby urged 
against the opposite inner sides of the bead 
portions; 



20 

a pair of lock elements situated on radially outer 
side of the centering elements and adapted to 
be urged against inner peripheral surfaces of 
the bead portions so as to fixedly secure the 
green case to the second drum; 
means for causing the second drum to expand 
and undergo a width reduction after the green 
case has been released from the transfer de- 
vice, thereby expanding the green case into a 
toroidal shape; and 

means for joining sidewall rubber members to 
said toroidal green case to thereby form a green 
tire, said sidewall rubber members being 
wound on a pair of side bladders on the outer 
side of the lock and expanded and reversed by 
inflating said side bladders. 

12. The apparatus according to claim 11 . wherein said 
second drum comprises an expandable center 
drum body having an adjustable width, said pair of 
side bladders being situated adjacent to said drum 
body with said centering elements therebetween, 
and wherein said green case is held in position by 
accommodating said drum body and said centering 
elements within said green case between the oppo- 
site inner sides of the bead portions. 

13. The apparatus according to claim 12, wherein said 
centering elements are radially expandable be- 
tween the drum body and the respective side blad- 
ders, and axially movable in opposite directions, 
and wherein said centering elements are adapted 
to be expanded so that a clearance is always 
formed between radially outer most ends of the 
centering elements and an inner peripheral surface 
of the green case. 

14. The apparatus according to claim 11 , wherein said 
side bladders have folded ends which are embed- 
ded in, and fixedly secured to said lock elements 
situated adjacent to said centering elements, said 
sidewall rubber members being wound on said side 
bladders on the sides of the folded ends while said 
lock elements are in radially retracted positions. 

15. The apparatus according to claim 11. further com- 
prising means for automatically winding a substan- 
tially constant length of said sidewall rubber mem- 
bers on said side bladders of the second drum dur- 
ing formation of a green case on said first drum, and 
wherein said transfer device is arranged such that 
said green case is transferred to said second drum 
by passing over said sidewall rubber members 
while said lock elements are in radially retracted po- 
sitions. 

16. The apparatus according to claim 11, wherein said 
sidewall rubbers are each wound on an outer sur- 
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face of said side bladders which is comprised o1 a 
smooth surface region and a rough surface region. 

17. The apparatus according to claim 1 1 , wherein those 
regions of the lock elements, which are urged 
against the inner peripheries of the bead portions 
of the green case, are aligned with the edges of the 
sidewall rubber members which are situated on the 
folded ends of the side bladders. 



19. The apparatus according to claim 11, further com- 
prising: 



20. The apparatus according to claim 1 9. wherein said 
belt/tread drum is operable so that said composite 
member is formed during formation of said green 
case. 



70 



18. The apparatus according to claim 11. wherein said 
side bladders each comprises a first side bladder 
section for winding said sidevyall rubber member 
thereon, and a second side bladder section situated 
adjacent to said first side bladder section, said first is 
and second side bladder sections being sequential- 
ly inflatable. 



20 



a belt/tread drum for forming a composite mem- 
ber in which said belt member and said tread 
rubber member are joined to each other to form 
a composite member; and 
a further transfer device for moving the com- 
posite member to a position around said green 
case which has been fixedly secured to said 
second drum, and holding the composite mem- 
ber centered with reference to said green case; 30 
said second drum being expandable so that 
said green case is radially expanded and urged 
against, and thereby joined to the composite 
member, said composite member having side 
edges which are subsequently folded over, and 35 
tightly joined to the green case, and said side 
bladders being operable so that said sidewall 
rubber members are then joined to side edges 
of the tread rubber member. 
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